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HEPCIIEKTUBU BUKOPUCTAHHSA I'L IPODITIB
JJIA ITIONEPEJHBOI'O OUUIIEHHA CTIYHUX BOJ
B YMOBAX KII < Z KUTOMUPBOJAOKAHAJI»

OOrpyHTOBaHa MOXKIIHBICTh BUKOPUCTaHHs TiApodionTiB BuaiB Eichhornia crassipes (Mart.) Solms i Pistia stratiotes L. B
TiIpoGITHOMY OYMIIEHHI CTiYHHX BOA JKuromupmmau. BukopucraHHA TimpoQiTHOrO 3aBaHTaXXEHHS 3a yciMa JOCIHIIKCHUMH
BapiaHTaM¥ MOKa3aJ0 MO3UTHBHY TEHAEHIII0 LIOAO MOJIMIICHHS BCIiX MOKAa3HUKIB SKOCTI BOAM, a e(pEeKT OYMIIEHHS BiX
3a0pyIHIOBAYIB 3a JEIKUMHU 3 HUX cTaHOBUB MoHaA 80 %. Po3pobneni ckimaau rifxpodiTHOro 3aBaHTaXKEHHs ITOKa3alll BUCOKY
CTIKICTP 1O WIJBHUINEHMX KOHIEHTpAIili 3a0pyIHIOBAaYiB y BOMi, a BHBUCHHS CTifiKOoCTi MakpoQiTiB y MORIOHIX
CKCMePUMEHTAIbHUX YMOBaX Ja€ HOBI [OJAaTKOBI [aHi, sKi J03BOJAIOTH 3ICTABUTH PIi3HI BHAM POCIMH MO0 1X
MEPCIEKTUBHOCTI ISl BUKOPUCTAHHS 3 METOIO OUHUILEHHS 1 TOOYHUILCHHS BOAHUX 00'€KTIB.

Kurouosi ciioBa: Giojoriudne o9nIieHHs, 3a0pyJHEHHS, TiapodiTH, CTIYHI BOIH.

IToctanoBka mnpodsemu. biojoriuHe ouuIieHHS — HaWOUIBII MOIMIMPEHUH crocid
BUJAJICHHS OpPraHIYHMX pPEYOBUMH 3 MICBKMX CTIYHMX BOJ. bionoriuHi od4McHI crnopynau
CKJIaaloTh OnM3bKo 55 % BiJ 3arajgbHOl KUIBKOCTI BCiX ouMcHuX crnopya [3]. B ocranni
JNECATUIIITTS BIJ3HAYAETHCA TEHJCHINS 3MIHU SIKICHOTO CKJIaJy MICBKUX CTIYHHX BOJ 3a
paxyHOK 3OLIbIIEHHS YacTKU a30T- 1 (ocOpoBMICHHX OpraHiyHUX pPEYOBHH, IMOSBU
MIBUIIIEHUX KOHIICHTPAII BaXKKUX METaJliB, CHHTETUYHUX MOBEPXHEBO AKTUBHUX Ta IHIIUX
peuoBHH. barato 0i0J0T1YHUX OYMCHHX CIOpY[ 3ampoeKToBaHi me B 50-X pokKax MHHYJIOTO
CTOJNITTS 1 BIANOBIJAIOTH MPHUPOJOOXOPOHHUM HOPMAaTHBaM TOTO 4Yacy, Ha CbOTOJHI 3
TEXHIYHUX MPUYUH HE MOXXYTh 3a0€3MEeUUTH IOTPUMAHHS TI'PAaHUYHO IOMYCTUMHMX CKHIIB
3a0pyAHIOBaJIbHUX PEUOBUH Y IPUPOIHI BOJAONMH, Y TOMY YUCII O10T€HHUX €NIeMEHTIB [3].

AHaJIi3 OCTAHHIX JOCTIKeHb | myOaikanii. 3 orisay Ha 3a3HaUEHE BUILE, aKTYaJbHOIO
cTa€e po3poOKa METOJIIB 1 TEXHOJIOT1H I0JJ0 3HUKEHHS BMICTY 010T€HHHUX €JIEMEHTIB y MpoIieci
010JIOTIYHOTO OYMIIEHHS MICBKMX CTIYHMX BOJ. 3a JITEpaTYpHUMH JaHUMH, €(PEKTUBHUM
METO/IOM BUAAJICHHS OIOT€HHUX €JIEMEHTIB € BUKOPUCTAaHHs BUIIMX BoaHUX pociuH (BBP) [1, 2,
5]. € BizOMOCTI PO BUKOPUCTAHHSI OKPEMUX T1IpO(DITIB Y TEXHOIOTYHOMY Tpolieci 610JI0TTYHOTO
OYMIIIEHHSI MICBKHX CTIYHMX BOA [5-7]. Buia BoJgHa pOCIHHHICTH ICTOTHO BIUIMBA€ Ha XiMiuHi
BJIACTUBOCTI BOJM 1 BUCTYHA€ 010JOTIYHUM (IBTPOM B MPOIECI MPHUPOTHOTO CAMOOUYHUIIECHHS
BozoiiM. B ymoBax Ilomiccst Ykpainu aesiki 3 HUX BHPOIIYBAJIM 3 METOK BHKOPHUCTAHHS JIJIS
OUMIICHHS CLIBCHKOTOCTIOAAPCHKUX 1 MOOYyTOBUX CTOKIB [1, 2]. OgHaK ekoioro-0ioyoriuHi Ta
rOCTOJIapChKi BJIACTUBOCTI T1APOOIOHTIB BUBYEHI HEJOCTATHHO B yMOBaX JKHUTOMHPIIUHHU.
ToMy nocnmi/pkeHHS TMUTaHb MPAKTUYHOTO 3aCTOCYBAaHHS TiApo(]iTIB MpeAcTaBise 3HAYHHUMA
roCTIOJIapChKUM 1HTEpEC.

Mera i 3aBaaHHs qociaixkeHHsi. MeToro pobotu Oyna ampobartisi croco0y TriapodiTHOTO
OUMILEHHS BOJAM, BU3HAUCHHs €(eKTy OUYMILEHHS BOAM B YMOBAaX MOJEIbHUX Ja0OpaTOPHUX
CHCTEM, a TaKOX BU3HAUYCHHS HAHOUIBII MEPCTIEKTUBHUX MPUAATHUX JI1 BUKOPUCTAHHS BUIIB
riapoOioHTIB.

Marepian i Meroaumka I0CTiTKeHHA. 32 TIOCTAHOBKU JOCTIJIB BUKOPHCTOBYBAIU
1a00paTOPHI MOJENIBbHI CHCTEMH, IO MICTATH TigpodiTHe 3aBaHTakeHHS [6]. YV mocyauHu 3
BOJIOIO, sSIKa HAIXOJIUTh Ha cTaHIiro nepiioro maiomy KII « KutomupBogokanam» (06'eM Boau
— 200 J1), momiIanu pocIMHA cyMapHoro 6iomacoro (cupa Bara): 30-50 r (E. crassipes) 1 10-20 T
(P. stratioites). Kokxna mojenpHa cucTeMa MicTWiIa pociauHU onHoro Buay BBP ta onun
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BapiaHT 31 3MimaHuM (PiTOIIEHO30M IBOX BHIIB. 32 KOHTPOJIb BHKOPHCTOBYBAJIH MOJEIBHY
cucTeMy 3 BoJI010 0e3 (hiTo3aBaHTakeHHS (puc. 1).

BAPIAHTH JJOCIIAY

1. Eichhornia crassipes (Mart.) Solms — 100 %

2. Pistia stratiotes L. — 100 %

3. Eichhornia crassipes (Mart.) Solms — 50 % + Pistia stratiotes L. — 50 %
4. Koumponw (be3 ciopobionmig)

Puc. 1. Cxema gocainy Ta 0OCHOBHI eTanu NpoBeAeHHs A0CTiI:KeHb
pexnMiB excruryaTanii rizpogiTHuX cucTeM.

AnanmiTHuHi poOOTH 3A1MCHIOBANM BIANOBIAHO [0 MJIIOYMX KEPIBHUX HOPMATUBHHUX
JOKYMEHTIB y BIJIII 1HCTPYMEHTAIBHO-IA00paTOPHOTO KOHTPOIIIO JlepikaBHOI €KOJIOT14HO1
iHcmekuii B JKutomMupchkiit 061acTi.

PesyabTaTi gociaizkeHHsT Ta iX OOroBopeHHsi. Y TIepioJl MPOBEIACHHS OCIHIKEHb,
BpPaxOBYIOUM BITHOCHO CIEKOTHUH mepion mumHsA-cepnHs 2015 poky, TpUpOaHI BOIH,
0COOJMBO TIOBEPXHEBI, PiAKO OyBarOTh MPO30pUMHU. B ymMoBax DOCHIKEHb BOJa HA MOMEHT
3aBaHTAXKEHHS B OlOpeakTop BH3HAYAacs SK «kamaMyTHa». Yepe3 10 aHIB KanaMyTHICTh BOIU
3MEHIIWIACS, 1 TaKl CTIYHI BOJM XapaKTEPHU3YyBAIHUCS K «MaJlOKaJaMyTHI». Y HAacTyIHI JBa
THKHI CIIOCTEPITaocs MOJIMIICHHS SKOCTI CTIYHUX BOJ 32 IIMM MOKA3HUKOM 1 B KiHIIl JOCTIY
BOJIa XapaKTepHU3yBaIacs K «po3opay (puc. 2).

Ha MOMEHT TOYaTKy JOCHTiTy yepe3 10 nid yepes 20 nid

Puc. 2. /Ilunamika KaJJaMyTHOCTi BOM NPOTAIOM Nepioly eKCiepUMEHTY 3 BHKOPHCTAHHAM
rigpodiTHoro ouninenns B ymonax KII «’KutomupBoaokanamy.
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BMicT 3aBUCIHX YaCTMHOK NPOTATOM BCHOTO MEPIOAY AOCHIKEHb MaB TEHICHLIIO [0
3MEHILIEHHS, 30Kpema y nepui 10 1HIB MpoBEeAEHHS €CIepUMEHTY iX BMICT y BapiaHTi Nel
3Hn3uBcA Ha 10 %, y BapianTti Ne 2 — Ha 13 %, y 3Mimanomy ¢itoreHosi (Bapiant Ne 3) — sunre
Ha 3 % (tabmn. 1, Ne n/m 2).

Tabmuss 1 — [IuHamika ocHOBHHX (i3Mko-XiMiYHHMX NOKa3HUKIB sAKocTi BoaM 3a rinpogirHoro oummenHsa (KII
«KuromupBoIOKaHAT»)

TToka3HUK sIKOCTI . Iepion inkyOarii, 1i6
Ne n/m BoH Bapiant 15 10 20 30 20
1 2 3 4 5 6 7 8

Nel 7,50+0,262 7,10+£0,248 7,294+0,255 7,85+£0,275 7,88+0,258

1 oH Ne2 7,53+£0,163 7,430,260 7,67+0,268 7,860,271 7,90+0,275
Ne3 7,55+0,284 7,00+0,245 7,30+0,255 7,74+0,279 7,74+0,279
Konrpomns |7,52+0,273 7,50+0,262 7,51+0,285 7,54+0,269 7,56+0,266
Nel 6,20+0,217 5,60+0,196 5,50+0,193 4,50+0,158 4,50+0,158

5 IpasKeri 1ACTOUKH Ne2 6,40+0,224 5,60+0,196 5,40+0,189 4,60+0,161 4,50+0,149
Ne3 6,00+0,210 5,80+0,203 5,20+0,182 4,80+0,168 4,70+0,165
Konrposns |6,10+£0,214 6,00+0,210 6,00+£0,210 6,00+0,210 6,00+0,210
Nel 0,79+0,025 0,50+0,015 0,50+0,016 0,51+0,018 0,49+0,017

3 Aniax (3a asoTom) Ne2 0,67+0,023 0,50+0,017 0,50+0,015 0,50+0,015 0,48+0,016
Ne3 0,660,023 0,57+0,019 0,56+0,019 0,55+0,019 0,52+0,018
Konrpons |0,61+£0,035 0,60+0,021 0,60+0,026 0,59+0,026 0,60+0,021
Nel 0,11+0,004 0,10+0,004 0,66+0,023 0,82+0,029 0,560,020

4 Hirpun Ne2 0,11+0,004 0,08+0,003 0,660,024 0,80+0,026 0,56+0,019
Ne3 0,12+0,004 0,08+0,003 0,70+0,025 0,84+0,023 0,60+0,022
Kontpomns |0,11+0,003 0,10+0,002 0,30+0,011 0,35+0,016 0,45+0,014
Nel 1,540,052 1,40+0,049 1,30+0,046 H.u.M.* H.U.M.*

. No2 1,80+0,063 1,70+0,053 1,30+0,048 H.u.M.* H.UM.*

5 Hirparu
Ne3 1,80+0,061 1,80+0,061 1,45+0,049 H.4.M.* H.uM.*
Kontpons |1,75+0,059 1,75+0,050 1,660,054 1,50+0,045 1,300,046
Nel 2,76+0,097 2,58+0,090 1,78+0,062 1,30+0,045 0,48+0,017

6 docarn No2 2,76+0,097 1,58+0,055 1,40+0,049 1,330,047 0,39+0,014
Ne3 2,660,093 1,60+0,056 1,410,049 0,83+0,029 0,49+0,017
Kontpons |2,63+0,092 2,52+0,088 2,53+0,089 2,47+0,086 2,45+0,086
Nel 38,20+1,337 36,60+1,281 22,00+0,770 18,08+0,633 17,06+0,597

7 XCK No2 36,80+1,288 36,201,267 | 20,20+0,707 18,40+0,644 18,00+0,630
Ne3 34,40+1,204 |35,60+1,246 | 20,20+0,712 18,24+0,638 18,10+0,634
KonTpons |35,80+1,253 35,60+1,251 33,40+1,169 | 32,90+1,152 32,20+1,127
Nel 4,80+0,168 4,60+0,161 2,260,079 2,26+0,079 2,25+0,079

8 BCK, No2 4,60+0,161 4,50+0,158 2,50+0,088 2,50+0,088 2,30+0,081
Ne3 4,20+0,147 4,40+0,154 2,30+0,081 2,30+0,081 2,28+0,080
Kontposns |4,80+0,168 4,90+0,172 4,700,165 4,60+0,161 4,700,165

Ipooosocenns maba. 1

1 2 3 4 5 6 7 8
Nel 0,62+0,022 0,52+0,016 0,38+0,013 0,38+0,013 0,30+0,011

9 aniso saranbHe No2 0,60+0,021 0,50+0,021 0,34+0,012 0,38+0,013 0,28+0,010
Ne3 0,58+0,020 0,51+0,018 0,45+0,016 0,46+0,016 0,36+0,013
Kontpons |0,59+0,021 0,58+0,020 0,58+0,020 0,57+0,020 0,54+0,019
Nel 389,0+13,615 |373,0+13,055 |364,0+12,740 |352,0£12,320 |342,0+11,970

11 Cyxuii sammmox No2 375,013,125 |363,0+12,705 |350,0£12,250 |336,0£11,760 |[333,0+11,655
Ne3 387,0+13,545 | 364,012,740 |360,0+12,600 |360,0£12,600 |340,0+£11,900
Kontpons |386,0+13,510 |383,0£13,405 | 380,013,300 |379,0+13,265 |374,0+13,090
Nel 56,44+1.975 |52,48+1.837 51,12+1,789 | 52,48+1,837 50,00+1,750

12 Xropusm Ne2 58,28+42,040 | 56,80+1,988 55,32+1,936 | 55,32+1,936 | 53,12+1,859
Ne3 58,64+2,052 58,162,036 53,96+1,889 | 52,48+1,837 52,50+1,838
Kontpons |50,16+1,756 | 52,50+1,838 51,90+1,817 | 52,50+1,838 58,50+2,048
Nel 98,0+3,430 80,0+2,800 80,0+2,814 79,0£2,765 80,0+2,800

13 Cynsdarn Ne2 84,04+2,940 76,0£2,660 70,0+2,450 68,0+£2,380 70,0+2,450
Ne3 82,0+£2,870 78,0+£2.730 78,0+£2,730 74,0+£2,590 74,0£2.590
Kontposns | 83,0+£2,905 82,0+£2.870 79,0+£2,765 79,0+2,765 83,0+2,905
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Nel 0,10+0,004 0,06+0,002 0,06+0,002 0,05+0,002 0,04+0,001
14 ATIAB Ne2 0,10+0,004 0,08+0,003 0,07+0,002 0,07+0,002 0,06+0,002
Ne3 0,09+0,003 0,070,002 0,06+0,002 0,05+0,002 0,05+0,002
Kontpoms | 0,10+0,004 0,10+0,004 0,10+0,004 0,10+0,004 0,09+0,003

* H.9.M. — HIDKYE TYTIHBOCTI METOIY.

Ha MoMeHT 3aBeplleHHs EKCIepHUMEHTY 3arajbHe 3HIDKEHHS BMICTY 3aBUCIHMX YaCTOK
HaiBumuM Oyso Ha BapianTi Ne 2 — 30 % 1a Ne 1 — 27 %, menio HUKYAM MMOKa3HUK BUSIBUBCS
Ha BapiaHTi Ne 3 — 22 %. Ha KOHTpO:Ii 3HM)KEHHS 3aBUCIINX YaCTOK MPAKTUYHO HE (pikcyBanocs
(B mexax 3 %).

[Tix yac mpoBeAEHHS JOCTIKEHb MU 3BEpTaJIM yBary i Ha IpyIy XiMiKO-OpPraHOJECNTUYHHUX
noka3HuKiB. pH Boiu — ouH 3 HallBaXXJIMBIIIKX MOKAa3HUKIB ii stkocTi (Tabma. 1, Ne m/m 1) 1 mif
Yac BUPOILYBAHHS T1JIpOOIOHTIB B yMOBaxX JOCHIy lieil mokazHuk cranosus 7,0—7,9. Onnak y
BapiaHTax 3 TipoOioHTamMu y mepuri 10 IHIB MPOXOMKEHHS EKCIIEPUMEHTY CIOCTEpIragoch
3mimeHHs pH y 6ik Heifrpanizauii Boau. Ha BapianTi Ne 2, Ha BigMiHYy BiJ] 1HIIUX BapiaHTiB,
crany y Oik HeWTpamizamli He BiIOyBajaoCch, OJHAK HA MOMEHT 3aBEPIICHHS EKCIEPUMEHTY
3HayeHHd pH Oyno NMpakTHYHO 1IEHTHYHUM 3HAYECHHSM, OTpUMaHuUX Ha Bapianti Ne 1. Ha
KOHTpPOJII TaKOTO 1HTEHCHUBHOTO BapilOBaHHS BHSIBICHO HE OyJIo, OYEBUIHO II€ TOB’S3aHO 3
MEHIII IHTEHCUBHUMU O10XIMIYHIMH MPOLIECAMHU.

BwmicT azoty i dochopy mae ocobnmBe 3HaUeHHS JUIsi O10JOTIYHOTO OYHMIICHHS CTIYHHX
BOJ. /lo OuMIEHHS B MICBKMX CTIYHMX BOJAaX a30T 3yCTPIYA€ThCS TUIBKU B JBOX (opMax —
3arajibHii Ta aMoHiWiHIA. OKHCIeHI GopMHU a30Ty 3'SIBISIOTHCS MICIsA O10JOTIYHOT OYMCTKH
BOJIM, 3aCBIUYIOYM MNP0 IOBHE 3aBEpIIEHHS mpouecy. Tomy, aHami3 MOKa3HUKIB a30THOTO
00MIHY 31HCHIOBAJIM KOMIUIEKCHO 3 YpaxXyBaHHSM MOJKJIMBHUX IPOIIECIB TIEPETBOPEHHS (HOPM
BMICTY a30Ty, 30KpeMa MpOTIrOM YChOTO TEPiofy MOCHiPKeHb BOHM Malld TEHACHLIIO 10
3HaYHMX KOJMBAHb, IO LIJIKOM XapaKTEpHO Ul cropyx 010y0ri4HOT ouncTkU. OueBuaHO, Le
OB 513aHO 13 BHCOKUM BMIiCTOM amiagHoro aszory (0,79-0,83 mr/i) Ha modaTKy eKCIIepHUMEHTY
Ta HOTO NEPETBOPECHHAM 3 aMiauyHOi (OpMH y HITPHUTHY, a 3roJioM 1 HiTpaTHy (Tabm. 1, Ne n/m
4). Oco0JIMBO MOMITHO 3HMKYBaBCSl BMICT aMmiaky 3a KyJlbTHBYBaHHs E. crassipes y meprri 10
110 eKCIEpUMEHTY, KOJIM pyHHYBanocs OJM3bKO TPETUHH BiJ HOro 3araibHOro BMicty — 38 % y
BapianTi 1, 28 % — y BapianTi Ne 2 1 21 % — y Bapianti Ne 3, Ha KOHTpOJII BMICT aMiaKy
IPaKTUYHO HE 3MIHIOBABCS.

[Ipo inTeHCHBHE OKHUCIICHHS amiadHoi (popMH a30Ty 3a TiApOo(ITHOTO OYUIEHHS CBiAYATH 1
JaHI JUHAMIKU HITpUT-10HIB (Tabm. 1, Ne m/m 5), piske iX migBumeHHs micis 10-meHHOTO
nepiony MOB’S3aHO 13 3HIKEHHSIM KOHIIEHTpallii amiak-ioHiB. [losiBa okucieHux ¢opm Ha ycix
BapiaHTax 3 TiApOOIOHTaMH BiAOYBA€ThCA MPAKTHUYHO OJHAKOBO. IlimBHUINEHHS KiTBKOCTI
HITPUTIB Ha yCiX BapiaHTax TPUBAJIO OJIM3BKO MiCALs, a Jaji X BMICT MOYMHAB CIAAATH, IO
TOBOPHUTH ITPO 3aCBOEHHS OKUCIECHUX (OPM TiApoOioHTaMHU.

Y nepmi 10 AHIB NPOXOJKEHHS EKCHEPUMEHTY KUIBKICTh HITpaT-HOHIB 3MiHIOBajIacs
HE3HA4YyHO, nounHaoun 3 10 100u HiTpaT-HOHU (IKCYyBaIUCs TiIpoOiOHTaMH, IIPO 1€ TOBOPUTH
CMaJaHHs KOHIIEHTpallii HiTpaT-iloHiB Ha Bapiantax Ne 1-3. Ha kouTpomi x iX BMICT
3MiHIOBaBCcs He3HauyHO (B Mexax 5 %). [loumnatounm 3 20 m00M KOHIIEHTpAIlis HITPaTiB
3MeHIyeThesl. Ha KOHTpOIIi K BMICT HITPATIB Ha KiHEIb €KCIIEPUMEHTY CTaHOBUB 73 % Bix iX
OYaTKoBOro BMicTy. [losiBa OkucIeHUX GOPM HITPOTE€HY CBITYUTH MPO IITMOOKE MPOXOHKEHHS
npoliecy, apke iX MiABUIIEHHS Ha ()OHI 3arajdbHOTO 3HIKEHHS O10XIMIYHOTO CIIOXWUBAHHS
kucHio (BCK) roBopuTh mpo Te, 110 BYTIICIEBMICHI CIIOTYKH iIHTCHCUBHO OKHCITIOIOTHCS.

CnoxuBanHs rigpogitamu ¢pocdaTiB BiOyBanoCs JOCUTH MBUJIKUMU TeMnamu (Tadm. 1, Ne
n/n 7). Ha MOMEHT 3aBepIleHHs eKCIIepUMEHTY BHITydeHHs (hocdatiB Ha ycixX BapiaHTax Oyio
npuOIM3HO HAa OJHOMY piBHI, 86 % — Ha BapiaHTi Ne 2, €10 HKYMM 1€ MOKa3HUK BUSBHUBCS
Ha BapiaHTax Ne 1 ta 3 — 83 Ta 82 % BiamoBigHO. Ha KoHTpoi 5 BMICT (hocdatiB KOTUBABCS
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HE3HAYHO 1 3HU3MBCS HA MOMEHT 3aBEpIICHHs ekcriepuMeHTy Ha 7 %, mo Ha 75-79 % wmeHe,
HIX Y BapiaHTax Tiapo}iTHOTO OYHUIICHHS.

Iloka3zHuk XimiuHOro criokuBaHHs KucHIO (XCK) 3a yMOBH TiIpO(ITHOTO OUYMILIEHHS HA YCIX
BapiaHTax MaB TAKOXK TEH/EHIIII0 J10 3HKeHHA. HalliHTeHCHBHIlIe TUXPOMaHTHA OKMCHIOBaHICTh
3HMKyBajlaca y nepiog 3 10 1o 20 nodbu — 42 %, nani IHTEHCUBHICTh IPOLIECY 3HWKYBasacs 1 0
3akiHueHHs excriepumenTy XCK 3Hu3mnocs Ha 55 % Ha Bapianti Ne 1 (tabm. 1, Ne n/mm 8). [lemo
IIBHUIIIE 3HIDKYBABCS 1IeH MOKa3HUK Ha BapianTi Ne 2 y mepion 3 10 mo 20 modu — 45 %, ogHak
KIHIIEBUI TOKa3HUK BHSBUBCS HIDKYMM TOpiBHAHO 3 BapiaHToM Ne 1, 3mimaHuii ¢iroueHo3
(BapianT Ne 3) BrumBaB Ha 3HkeHHS XCK Haiimenie — 41 % — y nepion 3 10 5o 20 nodu 147 %
HAIpUKiHII ekcrepuMeHTy. Ha KOHTpoii Takox crocrtepiranacs TeHaeHuist 1o 3HmwkeHHd XCK,
OJTHAaK IIEH MPOoIIeC BIMOYBABCS Ty)Ke HU3BKUMH TeMmnamu — Juie 7 % — y nepion 3 10 go 20 modwu, 1
mumte 10 % HanpuKiHI eKCTIEPUMEHTY.

bioximMiuHe cMOXHMBaHHS KUCHIO MPOTATOM IEPioy IMPOBEACHHS EKCIEPUMEHTY Majo
noi0Hy TeHJeHII0 3 KoauBaHHAMU nokaszHuka XCK (tabu. 1, Ne n/m 9), 30kpema y nepuri 10
J10 MpOBENIEHHsI €KCIEPUMEHTY 3HAYHOI'0 BapilOBaHHS LbOTO MOKa3HMKAa HE CIOCTEpIraiocs,
onHak 3 10 1o 20 noOu Ha ycix BapiaHTax rigpo¢iTHOTO OYHMILEHHS criocTepiraiocs pi3ke Horo
cniagans: 3 4,6 1o 2,26 MrO,/mn, mo cTaHoBUTH 53 % BiJ HOr0 OYATKOBOTO 3HAYCHHS HA BapiaHTI
3 etixopHiero (Ne 1), 3 4,5 mo 2,5 MrOy/n, mo cranoButh 46 % Big HOro MOYaTKOBOTO 3HAYCHHS Ha
BapiaHTi 3 mictiero (Ne 2) 1 3 4,4 o 2,3 MrOy/n, mo ctaHoBuTh 45 % BiJg HOTO MOYATKOBOTO
3HAYCHHS Ha BapiaHTi 31 3MiMIaHUM (iTOIIEHO30M 000X KyibTyp (Ne 3). Ha KoHTpOIIi 3HMKEHHS
BCK5s npaktuyHo He ¢ikcyBanocs 1 cTaHOBUIIO juiie 4 % BiJl HOro MOYaTKOBOI'O 3HAYEHHS.

KoHuenTpanisi 3amiza Ha ycix BapiaHTaxX TiIpo(iTHOIO OYHUINEHHS, OKPIM KOHTPOJIIO,
3MmeHIryBanach (Tabdma. 1, Ne i/ 10). HallinTeHcuBHiIIE 11ei mporiec BigOyBaBcs Ha BapiaHTi Ne
2 —Ha 17 % npotsrom 10 xi6, a 3 10 1o 20 106 IHTEHCUBHICTH NPOIECY BIIIYYCHHS 3aTi3a
3pocTana i craHoBmiIa 43 %, HaPUKIHII TOCTIKEHb 3arajlbHa KOHIICHTPAIIIS 3aj1i3a 3HU3WIIACS
Ha 53 %. Jlemo HmX4Ya IHTEHCUBHICTh BWJIYYEHHS 3aii3a croctepiraiacsi Ha BapianTi Ne 1,
30kpema y nepuri 10 aHiB BMicT 3aii3a 3Hu3uBCsS Ha 16 %, 3 10 1o 30 nobu Oyno BUIIy4eHO
6mu3pko 39 %, HAMPHKIHII JOCTIKEHb BMICT 3ai3a 3HU3MUBCS OibIIe HIXK HA MOJOBUHY (52
%). llle H>KY1 MOKA3HUKK BUIIYYEHHS 3aji3a criocTepirayiuch Ha BapiantTi Ne 3 — yume 12 % y
nepmi 10 mi6, Hactynui 20 16 BMICT 3aimi3a 3HU3HWBCS jauiie Ha 22 %, 110 CTAaHOBHUTH I SATY
YaCTUHY, HAINPHUKIHII TPOBEACHHS AOCTIIHKCHb 3MIIMIaHUM (DITOIICHO30M BHIYYEHO TPOXH
OlIBIIIE TPETHHHM BiJI 3arajibHOTO BMicTy 3aii3a (38 %). Ha KOHTpo:Ii 10 3aKiHYEeHHI JOCIi I KEeHb
BMICT 3aii3a 3Hu3MBCS Ha 8 %, mo Ha 30-46 % HWXKUYe HDK Ha BapiaHTax 3 TiIpodiTHOro
OYUIIIECHHS.

VY mporeci TiapodiTHOTO OYMINEHHS 3arajibHa MiHepaslisallisi BOJIW 3HIDKYBajacs JIOCHTh
noBuIbHO. Ha MOMEHT 3aBeplIeHHsS eKCIIEpUMEHTY 3HIDKCHHSI BMICTY CYXOTO 3JIMIIKy Ha YCiX
BapiaHTax TriIpohiTHOr0 OYMILEHHS OyI0 MPUOIU3HO Ha OJHOMY piBHI 1 ctaHoBWIO 11-12 %, Ha
KOHTPOJII L€ TOKa3HWK 3MiHuBcs Jmmie Ha 3 %, mo Ha 7-8 % MeHIne HDK Ha BapiaHTax
rigpoditHoro oumntieHns (tadim. 1, Ne r/m 12).

BpaxoByroun 1e, KpiM XapaKTEepUCTHKU IOKAa3HMKA 3arajibHOI MiHepaii3alli MU IpPOBEIH
aHayi3 BMICTY XJIOpHIIB 1 cyib(datiB. B ymoBax nocmigy BapitoBaHHS BMICTY XJIOPUIIB Oys0
HE3HAYHMM 1 3aCTOCYBaHHSI I'IpO(ITHOTO OYMILEHHS CYTTEBO HE BIUIMHYJIO Ha 1IeH moka3Huk (9-11
%) (Tabm. 1, Ne i/ 13).

[TpoTtsirom mepiomy MpOBEIEHHS AOCIIIHKEHb KOHIICHTpAIis Cyab(}aTiB y BOJI Majia TAaKOXK
TEH/ICHIIIIO 10 He3HayHoro 3MeHueHHsa. Ha Bapianti Nel y mepmri 10 116 excepuMeHTy BOHA
suu3miaca Ha 18 %, Ha BapiantTi Ne 2 — Ha 17 %. Bukopucranns 3MimaHoro (iToueHosy y
BapiaHTi Ne 3 cIpHUYMHUIIO 3HIKEHHS KOHIEHTpaii cynbdaris aume Ha 10 % BiJ moyaTkoBOro ix
BMicTy (Tabin. 1, Ne n/mt 14). Ha xoHTposi 3HmkeHHs cynbdaTiB Ha 5 % BigOynocs Ha 20 100y
MPOBE/ICHHS €KCIIEPUMEHTY, OJIHAaK Ha MOMEHT 3aBEpPUICHHSI SKCIIEPUMEHTY iX KOHIIEHTpAIlis
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MOBEPHYJIACS HA BUXITHUHN PiBCHb.

VY nocmimkeHUX BOJAaX aHIOHBMICHI MOBEpXHEBO akTuBHI pedoBUHU (AIIAP) BusBieHi y
koH1eHTparii 0,1 mr/am°, Haiikpaie npouec 6ioounctku Bij0yBaBcs y BapianTi Ne 1, ne BmicT
AITAP 3umu3uBcs Ha 40 % npotarom nepmux 10 116 ekcriepuMeHTy, a 10 3aBEePIICHHS JT0CTiTy
ix xoHIEeHTpatis 3uu3mwiacs Ha 60 % (ta6m. 1, Ne /i 15). Ha BapianTax Ne 2 ta 3 y nmepui 10
ni6 AITAP Bunywanucs aume Ha 20-22 %, Ha MOMEHT 3aBEpIICHHS E€KCIIEPUMEHTY BMICT
AITAP 3um3uBcs 3aranoM Ha 40-44 %. 3HIKEHHS I[HOTO MMOKa3HUKA Ha KOHTPOJI IPAKTUYHO HE
BiIOyBaIocs, OJHAK HA MOMEHT 3aBepIleHHs ekcrepuMeHTy 10 % X OKUCIUIUCS B pe3yNbTarTi
NPUPOIHUX (PI3UKO-XIMIUHUX MPOLIECIB.

BucHOBKH Ta mNepCcNeKTHBHM MOAAJBIIMX J0CJiAxKeHb. Bukopucranus riapodiTHOro
3aBaHTXEHHS 3a yciMa JOCIIDKCHHMMH BapiaHTaMM TMOKa3ajo MO3WTHUBHY TEHIEHIIIIO 010
MOKpAIIEHHS TOKa3HHUKIB SKOCTI BOAM, a €(EeKT OYUCTKH BiJ TMOJIOTAHTIB 32 JCSIKUMHU
NoKa3HWKaMH cTaHoBUB Ounbiie 80 %. JlocaimkeHi BUAU TiAPOOIOHTIB: €HXOpHIS Ta MICTISA
pexkomeHaoBaHI ans Qitopemenianii. OnHaK cepen MEePCHeKTUB MOCIIIHKEHHS CIiJ BIAMITUTH
HE3HAYHy BHMBYCHICTh MUTAaHb CTIMKOCTI MakpodiTiB BUIIB Pistia stratiotes L. i Eichhornia
crassipes (Mart.) Solms mo minBUIIEHOTO BMICTY OCOOJIMBO arpeCHMBHUX 3a0pyIHIOBaUiB, SKi
Mornd O CiyryBath s OUIbII OOTPYHTOBAHOTO 3aCTOCYBaHHS BOJHHUX POCIUH 3 METOIO
BiJTHOBJICHHSI BOJHHX O0'€KTIB 1 piTopememiarlii BoIu.
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IlepcrnieKTHBBI HCNO/IL30BAHUS THAPOQUTOB /I OYUCTKH CTOYHBIX BoA B yciaoBusax KII «’)KuromupBogokanam

JI.JA. Pomanuyk, T.I1. ®enoniok, B.M. ITazuu

O0ocHOBaHa BO3MOXKHOCTh HCIIOJIb30BaHUsI ruapoornoHToB BuaoB Eichhornia crassipes (Mart.) Solms u Pistia stratiotes L.
B TUAPOMUTHOW OYNCTKE CTOYHBIX BoJ JKurtommpuusbel (Ykpawna). Vcmoms3oBaHue THAPOGUTHOH 3arpy3Kd MO BCEM
MCCIICIOBAaHHBIM BapHaHTaM MOKA3aJI0 IOJIOKHUTEIbHYI0 TEHACHLIHWIO 110 YIYYLICHHIO BCEX HCCICJOBAaHHBIX IOKa3aTenen
KadecTBa BOABI, a 3((HEKT OYMCTKH OT 3arpsi3HUTENEH MO HEKOTOPHIM IMoKa3arensM coctaBui 6omee 80 %. Pa3pabGoranubie
COCTaBBI THAPOPHUTHON 3arpy3KH IMOKA3aJIM BEICOKYIO YCTOWYMBOCTD K IOBBIIICHHBIM KOHIICHTPALMSM 3arpsi3HATENEH B BOJE.
HpOBe)IeHHbIe OIIBITHI MMOATBEPAUIIN, YTO U3YUCHUE yCTOl\/'I'-lI/IBOCTI/I MaKpO(bI/ITOB B HO}IOGHLIX OKCHEPUMEHTAIIbHBIX YCIIOBUAX
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JAa€T HOBBIC NOIIOJTHUTCIBHBIC NAHHBIC, KOTOPBIC MO3BOJIAIOT COIOCTABUTH PA3JIMYHBIC BHUIbI paCTCHI/Iﬁ C TOYKHU 3PCHUA HUX
TNEPCIIEKTUBHOCTU JI UCIIOJIb30BAaHUA B LEIAX OUUCTKU U JOOYUCTKH BOAHBIX 00BEKTOB. I/ICCJ’IG,I[OBS.HBIC BHJIbI FI/II[p06I/IOHTOBZ
3171xop}mﬂ U MUCTUS PEKOMEHAOBAHBI U1 eneu d)nTopemeauauMM CTOYHBIX BOJ.

KiioueBble cjioBa: OHOIOrHYECKas OYMCTKa, 3arpsA3HCHUE, FI/I,HpOCpI/ITLI, CTOYHBIC BOJBI.

Perspectives of using hydrophytes for pre-treatment of wastewater in the PUC “Zhytomyrvodokanal”

L. Romanchuk, T. Fedonyuk, V. Pazich

The article includes the results of the studies of the effect of water purification using hidrophytic loading, and resistance of
macrophytes of Pistia stratiotes L. and Eichhornia crassipes (Mart.) Solms species to highly polluted water. The study proved
their capacity to treat water and defined the high range resistance to pollution.

Biological treatment is the most common way to remove organic matter from urban wastewater. Biological treatment plants
constitute about 55 % of the total number of treatment facilities. In recent decades the tendency to changing the qualitative composition of
the urban wastewater has been observed due to increased the proportion of nitrogen and phosphorus-containing organic compounds,
presence of high concentrations of heavy metals, synthetic surfactants and other substances. Many biological treatment facilities were
designed in the 1950s and met the environmental standards of that period, but currently due to technical reasons are not able to ensure the
adherence to the present day norms of allowable discharges of pollutants into natural water reservoirs, including biogenic elements.

Therefore, the development of the techniques aimed at reducing the content of biogenic elements in the biological treatment of urban
wastewater has become an urgent task. According to the literature data, the effective method of biogenic elements removal is the use of
higher water plants (HWP). There is evidence of the use of certain hydrophytes in the process of biological treatment of municipal
wastewater.

Higher water plants significantly affect the chemical properties of water and acts as a biological filter in the process of natural self-
purification of water reservoirs. Under the conditions of Polissia region in Ukraine, a number of these plants have been grown for further
purifying agricultural and residential wastewater. However, environmental, biological and economic properties of hydrobionts have been
insufficiently studied under the conditions of Zhytomyr region. Therefore, the study of hydrophyte application presents a considerable
economic interest.

The study was aimed at testing the hydrophytic wastewater treatment, defining the water purification effect in model laboratory
systems, and identifying the most promising hydrobionts, suitable for these purposes.

During the research all the indicators showed improvement. In particular, the water transparence rate before loading into the
bioreactor was determined as “muddy”. In 10-day period its muddiness decreased and the wastewater was characterized as “slightly
muddy”. Within next fortnight the study showed further improvement of its quality by this indicator and at the end of the study, the water
was characterized as “transparent”.

The content of suspended particles over the entire period of the research tended to reduce. The amount of suspended particles
decreased by approximately one-third in the samples with water plants. The reduction of suspended particles was not recorded in the
control sample (within 3 %). Under the conditions of the study, the pH of water during all period of the study amounted to 7.0-7.9. The
analysis of nitrogen metabolism was performed taking into consideration possible transformation processes of nitrogen forms, because
during the whole research period they tended to vary considerably, which is typical of biological treatment facilities. Obviously, this can be
explained by the high content of ammonia nitrogen (0.79-0.83 mg/l) at the beginning of the research and its transformation into nitrite later.
The reduction of ammonia content was clearly observed in case of aquatic organism cultivation, during the research period it decreased by
one third of the total content, while in the control sample the ammonia content remained practically unchanged.

The similar increased nitrate amount in all the samples was observed for about a month; later the content began to reduce, which
meant that the oxidized forms were assimilated by the hydrobionts.

The appearance of oxidized forms of nitrogen indicates a profound process, as their increase with the overall reduction of BOD
suggests that carbonaceous compounds are being oxidized.

Phosphate consumption by hydrophytes was quite rapid. The phosphate removal comprised about 80-90 %. In the control sample the
phosphates fluctuated slightly and their content decreased by 7 %.

COD and BOD rates reduced by approximately half with hydrobiont-containing samples, and in the control sample the
reduction was 10 %.

Iron content in all samples under hydrophytic wastewater treatment also decreased by half. In the control sample iron concentration
changed slightly.

In the process of hydrophytic treatment, the decrease of the total mineralization of water was rather slow. At the end of the study the
reduction of solids in all samples of hydrophytic treatment was approximately at the same level and amounted to 11-12 %, in the control
sample this indicator has changed by only 3 %, which is 7-8 % less than in the samples of hydrophytic treatment.

The best treatment for anionic surfactants was observed in the sample with plants of E species — 60 %, in other samples it was
40-44 %. The reduction of this indicator in the control sample was not observed.

Water hydrophytic treatment techniques, macrophytes of the Pistia stratiotes L. and Eichhornia crassipes (Mart.) Solms cultivation,
which are resistant to aggressive pollutants contribute to our knowledge of water plants use in wastewater rehabilitation in Zhytomyr
region.

Key words: biological treatment, pollution hydrophytes, sewage.
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